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SLASH PINE ROOT BIOMASS AND NUTRIENT CONCENTRATIONS 


Edwin H. White} William L. Pritchett,2 and William K. Robertson 


ABSTRACT 


A system of clay tile drains and a deep-well pump were used to control the 
water table under a fertilized slash pine plantation at 46 and 92 cm for 5 years. 
Fertilizer treatments were 0 and 392 kg/ha of diammonium phosphate. Root 
biomass was estimated using a combination of a modified soil monolith excavation 
for fine roots and water pressure for removing major root systems. 


Fine root biomass was increased 145 percent by fertilization. Water table 
control had no effect on fine root production. Total root biomass was increased 
58 percent by fertilization. Maintaining the water table at 46 and 92 cm 
increased total root biomass 69 and 43 percent, respectively. Approximately 
80 percent of the tree biomass was in aboveground components, with 20 percent 
in root systems. 


Changes in element concentrations of root systems following fertilization 
and water table control reflected the direct application of fertilizer, per se, 
increased biomass, increased rooting space, and a soil environment more favorable 
to mineralization of nutrient elements from organic matter. 
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INTRODUCTION 


In the last several years, numerous studies have been made on biomass and 
nutrient accumulation and cycling in forest stands of various types (l, 5, 9, 22). 
Considerable data on aboveground biomass have been accumulated, but there is a 
lack of information about roots. Large errors can be introduced in estimates 
of total organic matter accumulations if biomass of roots is unknown while fine 
root measurements are important in nutrient and water uptake of trees. The 
sampling of roots is laborious, but reliable estimates of biomass can be 
obtained, Investigators have dug or winched or hosed out the major root systems 
of forest trees (1, 11, 12, 17), with little attention given to the fine feeding 
roots. Some estimations of fine roots have been made by soil monolith excavations 
or by taking soil cores (10, 23); however, these sampling methods include roots 
of trees, shrubs, and ground flora. Radioisotope methods have been used to 
investigate nutrient cycling (21) and trace tree root systems by nondestructive 
means (7). Methods generally applicable to agricultural crops have been reviewed 
by Schuurmann and Goedewaagen (16). 


This study was located in the Flatwoods of the southeastern Coastal Plains, 
an ill-defined area of relatively flat, somewhat poorly drained sands or sandy 
loams--predominantly Spodosols--interspersed with cypress ponds. ‘These soils 
occupy approximately one-half of the land area of Florida (18) and are used 
extensively for forests and range land. Native vegetation consists of open stands 
of longleaf pine, slash pine, or both. ‘The undergrowth is mainly saw palmetto, 
runner oak, gallberry, and wire grass. 


Soils most commonly associated with the flatwoods and the soil series of 
the study are the Leon sands, a member of the sandy, siliceous, thermic family 
of Aeric Haplaquods. They are characterized by a thin gray to dark gray surface 
underlaid by a light gray or white leached layer, over a black to dark brown 
organic layer (spodic horizon) in the 35- to 75-cm zone. ‘they have been formed 
from moderately thick deposits of marine sands and are generally quite acid and 
low in nutrients. Although these soils are used mostly for forest production, 
in recent years they have been used successfully for vegetables, improved 
pastures, and citrus in central and southern Florida. Water management is 
essential for the production of cultivated crops because of the widely 
fluctuating water tables in these soils. 
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Forests are relatively low-valued crops and in the flatwoods they are 
generally planted on prepared sites, but without water control. A possible 
exception is the recent innovation of planting on beds. This latter practice 
improves survival and young tree growth, possibly through concentration of 
nutrients in the rooting zone rather than improved moisture conditions (6). 
In fact, a primary benefit from draining may be to increase the tree nutrient 
supply by increasing the soil volume for root exploitation and promoting 
mineralization of organic constituents. Large fluctuations in depth of water 
table can be harmful to tree roots. Root pruning brought about by prolonged 
flooding may create an imbalance in the root-top ratio and toxic decomposition 
products from dead roots may further limit growth (15). 


In this paper estimations are given for slash pine (Pinus elliottii 
var. elliottii) root biomass and nutrient accumulations as affected by water 
table control and fertilization. 


METHODS 


A system of clay tile drains spaced 20 feet apart and a deep-well pump 
were used to control the water table in two areas of Leon fine sand at 
approximately 46 and 92 cm for 5 years. Ina third (check) area the water 
table was allowed to fluctuate normally. ‘The pump was automatically activated 
by a float switch when the water table fell below the tile inlets. Water 
flowed through the tiles at all times. ‘The same system of tiles used for 
subsurface irrigation drained the controlled areas during periods of excess 
rainfall. 


Three replications of two treatments were established in each of the areas. 
Treatments consisted of slash pine fertilized at two rates of diammonium 
phosphate; (a) 0, and (b) 392 kg/ha. Pine seedlings were handplanted at a 
spacing of 1.2 by 1.2 m in 6.0 by 7.2 m plots in January 1964. 


Root Bioma pling 


An attempt was made to estimate root biomass by taking soil cores with a 
bucket auger and washing out the roots over a sieve. This proved to be 
unsatisfactory, mainly due to the difficulties encountered in separating pine 
roots from roots of other species and live roots from dead roots. 
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Fine root biomass (pine roots less than 0,.5-cm diameter) in the top 15 cm 
of soil was estimated on an area basis. ‘Two 0.184-square-meter sample areas 
were established in each plot. These small sample plots were located in the 
center of a square formed by four adjacent trees. The surface litter was 
carefully raked away to reveal a dense mat of fine, mycorrhizal roots. A small 
trickle of water from a garden hose was allowed to flow onto the sample area. 
Only one quarter of each 0.184-square-meter plot was sampled at any one time. 
A sharp jackknife was used to loosen the soil and to sample all pine roots 
less than 0.5-cm diameter to a depth of 15 cm. Progress downward was at the 
rate of a few millimeters at a time. ‘This method was laborious but resulted 
in a minimum Loss of fine roots and no difficulty was encountered in separating 
pine roots from roots of other species. 


All trees were measured for diameter at groundline and for height, and 
three trees, representing the range of diameters and heights present, were 
cut at ground level for stem analysis and total tree sampling. A tractor-mounted 
backhoe was used to trench around each tree stump on three sides and the major 
root system excavated using water under pressure from a fire hose and nozzle. 
Water was transported to the site with 4-inch irrigation pipe. Maximum 
transport distance was 500 feet; pressure at the well was 50 psi and pump 
capacity was 150 gal./min, For flexibility within the excavation area, a 
25-foot section of fire hose with nozzle attached was welded to the end of the 
irrigation pipe. A valve at the well and the nozzle were used to regulate the 
pressure. After carefully washing most of the major root system free from the 
soil, a dragline cable was attached to the stump and while continuing to wash 
the root system was gently removed. 


The major root systems (roots greater than 0.5-cm diameter) were separated 
into lateral roots and taproots. Fine roots were separated from soil particles 
by washing and decanting through wire screens and cheesecloth. Corrections in 
fine root biomass were made on the basis of ash weights. 


Major root components were chipped in a hammer mill and subsampled for 
further treatment. All roots were ground in a stainless steel Wiley mill to 
pass a 40-mesh sieve. 


Subsamples were analyzed for N by the macro-Kjeldahl procedure (3). 
Other subsamples were ashed overnight at 450° C and the ash dissolved in 
dilute HCl for analysis. Aliquots of these solutions were analyzed for P by 
the molybdophosphoric blue method (8); K by a flame spectrophotometer (3, 8); 
and Mg, Ca, Al, Mn, and Zn by a Perkin-Elmer 303 atomic absorption 
spectrophotometer. Lanthanum oxide was used in the Mg and Ca determinations to 
suppress interferences (13). 
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Standard statistical methods were used to analyze the results Q 19). 
Tree diameters and heights are closely correlated and they are both good 
estimators of the weights of tree parts. The formula logarithm root biomass = 
Bo + By logarithm groundline diameter + By logarithm tree height, was used to 
estimate the biomass of the root systems of the uncut trees in the plots. The 
constants, regression coefficients, correlation coefficients, and standard 
errors are presented in table.l. 


RESULTS AND DISCUSSION 


Fine root biomass in the surface soil was increased an average of 
145 percent by fertilization (table 2). ‘The greatest increase (174 percent) 
was on the 46-cm water table, with the 92-cm water table second (145 percent) 
and the fluctuating water table third (117 percent), 


Water table control by itself had no effect on fine root production in the 
top 15 cm of the soil profile. This was in marked contrast to the large 
increases in both height and aboveground biomass associated with water table 
control,+ 


Since many flatwoods soils have been shown to be P-deficient for adequate 
growth of slash pine (14), the increased fine root biomass has added 
significance. Bowen (4) has demonstrated that fine roots are major pathways 
for the entrance of P ions into the plant system. Also, P nutrition is 
intimately tied to the nutrient cycle in a forest stand and increased fine 
root production at or near the soil-litter layer interface would make external 
P cycling more efficient. 


Total root biomass was increased 58 percent by fertilization (table 2). 
The percentage increases by fertilization were in the order: fluctuating 
water table > 46-cm water table > 92-cm water table. These increases 
amounted to 93, 62, and 35 percent respectively, 


Maintaining the water table at 46 and 92 cm increased total root biomass 
by 69 and 43 percent respectively over that of the fluctuating water table, 


4 

= The results for aboveground biomass, other growth responses, and nutrient 
uptake data for both slash and loblolly pines have been presented in 
the following publication; 


White, E. H., and Pritchett, W. Le Water table control and fertilization 
of a flatwood soil for pine production. Agr. Exp. Sta. Bull., Univ. of 
Fla., Gainesville, Fla. (In press.) 
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Measurements of the taproots indicated that roots extended downward in the 
soll profiles an average of 36 cm on fluctuating water tables, 56 cm on 
46-cm water tables, and 107 cm on 92-cm water tables. It was apparent from 
these measurements and field observations during excavations that the spodic 
horizon, which typifies Leon soils, stopped root penetration on fluctuating 
water tables but offered Little resistance to root penetration once water 
table levels were lowered and controlled. 


Lateral root extension was greater on the fluctuating water table plots 
than on controlled water table plots. Several lateral roots were found to 
extend 6 to 7 meters From trees on the uncontrolled water table area. In 
general, the root systems of trees on fluctuating water tables tended to be 
flat and shallow in development with the ends of "sinker" roots killed back 
by high water; root systems of trees on controlled water tables developed 
downward in the soil profile. 


The distribution of biomass components of 5-year-old slash pine is 
presented in table 3, Approximately 80 percent of the biomass was in the 
aboveground components with 20 percent in root systems. Fertilization 
slightly decreased the percentage aboveground biomass while increasing the 
proportion of roots. 


Element Concentrations 


Both fertilization and water table control had effects on element 
concentrations in slash pine root systems (tables 4, 5, 6). The major 
responses were in the fine roots, Fertilization decreased levels of N, K, 
and Mn while increasing levels of P, Ca, and Mg. Concentrations of Al and zn 
were not affected. Maintaining the water table at 46 or 92 cm resulted in 
increased fine root levels of N, Ca, Al, and Zn and decreased concentrations 
of P, K, and Mn when compared to fine roots of trees grown on a fluctuating 
water table. Mg levels were not affected by water table levels. 


Fertilization had no effect on element levels in lateral roots. 
Water table control increased levels of Al while decreasing levels of 
K, Ca, Mg, and Zn in lateral roots. Neither fertilizationgor water table 
levels affected element levels in taproots. 


A large increase in Al levels due to water table control was noted 
in Fine roots (table 4). This was a reflection of increased rooting depth 
on deeper water tables and roots "feeding" in the spodic horizon, a 
source of Al, However, no corresponding increases in Al concentrations 
were noted in aboveground biomass of the slash pine, possibly indicating, 
a lack of transport of Al from the root systems. This may offer a partial 
explanation for the ability of pine species to survive and grow adequately 
on low pH soils in which soluble Al is toxic to many plant species. 
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The changes in element concentrations of root systems following 
fertilization and water table control reflect the direct application 
of fertilizer, per se, increased biomass, increased rooting space, 
and a soil environment more favorable to mineralization of nutrient 
elements from organic matter. Roots penetrated deeper into the 
well-aerated soils. ‘The latter was related to the depth of water table. 
Plants with deeper root systems have larger reservoirs of nutrients and 
available water. Also a well-aerated soil is more favorable to 
mineralization of nutrient elements from organic matter. In summation, 
a deeper water table results in higher amounts of nutrients in the 
roots. Conversely, but of less effect, the larger root biomass resulted 
in dilution effects as described by Tamm (17). 


10. 


il; 


12: 
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Table 1.--Regression coefficients, standard errors, 
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estimating biomass of roots of 5-year-old ölash pine” 


Component 


Bo By B3 | S.E 
Lateral roots 0.094 2.392 0.000 .185 
0.185 1.799 1.384 «110 


Taproots 


a 
1/ Equation of form log Y = B, + By Log 


a 
X +B, Log X3 where Y = 


and R values for 


root dry weight grams; x = diameter outside bark at groundline cm; 


X, = total tree height in meters. 
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Table 2.--The effect of water table depth and fertilization on root 


biomass of 5-year-old slash pine 


pel Root biomass 

Fertilized depth | Fine | Lateral | tap | Total 

“<Gme- |  eeesatisses] Metric ton/ha- 
No Fluctuating 1.9 1.0 1.9 4.8 
Yes Fluctuating 4.2 1.6 3.6 9.4 
No 46 1.8 1.9 5.4 9.1 
Yes 46 5.0 2.4 7.4 14.8 
No 92 1.8 1.9 4.9 8.6 
Yes 92 4.4 1.9 5.4 11.7 
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Table 3.--The effect of water table depth and fertilization on root 


biomass distribution of 5-year-old slash pine 


Percent of total biomass- 


Water Roots 
table 
Fertilized depth Fine Lateral 
--cm-- i 
No Fluctuating 9 5 
Yes Fluctuating 13 4 
No 46 3 4 
Yes 46 8 3 
No 92 4 4 


Tap 


9 


Below- 
ground 


23 


26 


18 


Above- 
ground 


Table 4.--The effect of water table depth and fertilization on element 


concentrations in fine roots of 5-year-old slash pine 


Ferti- 


Water 
table 


lized depth N d K Ca Mg Al Mn Zn 


--cm=- 
Fluctuating] 0.69 


Fluctuating] 0.60 


46 0.66 
46 0.67 
92 0.78 
92 0.60 


0.15 0.30 
0.10 0.34 
0.10 0.34 


40 


31 


33 


25 


30 


16 


15 
16 


16 


16 


36 


23 
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Table 5.--The effect of water table depth and fertilization on element 


concentrations in lateral roots of 5-year-old slash pine 


Water 

Fert i- table 

lized depth | u P K Ca Mg Al Mn Zn 
Se | Sasann Percent--<<<-<s=s92 | sescca ppm----- 


No Fluctuating] 0.28 0.09 0.12 0.14 0.09 | 151 30 15 


Yes Fluctuating} 0.28 0.07 0.14 0.16 0.09 | 189 35 14 


No 46 0.25 0.06 0.08 0.12 0.07 | 177 15 8 
Yes 46 0.24 0.08 0.08 0.10 0.08 | .62 14 10 
No 92 0.30 0.07 0.09 O.11 0.08 | 250 21 u 
Yes 92 0.28 0.06 0.08 0.11 0.07 | 232 T un 


Table 6.--The effect of water table depth and fertilization on element 


concentrations in taproots of 5-year-old slash pine 


Water 
Ferti- table 


lized depth N p K Ca M Al Mn Zn 


ei n ff See eSeawoeeR FETCSHER ass aH esaeR caa ppm-~--~ 
No Fluctuating} 0.18 0.05 0.10 0.08 0.04 | LIL 19 a 


Yes Fluctuating] 0.20 0.06 0.12 0.09 0.05 | 121 17 9 


No 46 0.19 0.06 0.08 0.06 0.04 | 143 6 6 
Yes 46 0.20 0.07 0.07 0.06 0.04 | 132 5 6 
No 92 0.20 0.05 0.08 0.06 0.04 | 176 6 7 
Yes 92 0.22 0.06 0.05 0.07 0.04 | 137 4 6 


